It has been shown (Weibull, 1953) that it is possible to isolate protoplasts from Bacillus megaterium by lysozyme treatment of cells suspended in 0.1 to 0.2 M sucrose. When protoplasts are resuspended in phosphate buffer (pH 7), rapid lysis occurs, and the protoplasmic constituents are released. This procedure does not include any mechanical disintegration; in addition, only a small fraction of the lysozyme initially applied is present in the final lysate so that enzymatic or nonenzymatic interaction between lysozyme and the protoplasmic constituents is largely avoided. This paper describes the properties of the protoplasmic material so obtained.
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MATERIALS AND METHODS
B. megaterium, strain KM, was grown and harvested as has been described earlier (Weibull, 1953) . The experimental procedure for obtaining lysates was as follows. Washed suspensions in 0.15 M sucrose + 0.03 M phosphate (pH 7.0) containing ca 10 mg bacterial dry weight per ml were treated at room temperature with lysozyme (final concentration 0.5 mg per ml). After the enzymatic reaction had reached completion, an equal amount of sucrose solution was added and the protoplasts were precipitated by centrifugation at 5 C. The protoplasts were resuspended at room temperature in an appropriate amount of buffer. Complete lysis occurred almost instantaneously. Direct lysis of cells, i.e., not via protoplasts, was conducted similarly in the absence of sucrose.
Mechanical disruption of bacterial cells was achieved either by the use of a 9 kc Raytheon 1 This investigation was supported in part by a grant-in-aid to Dr. R. Y. Stanier by the American Cancer Society on recommendation of the Committee on Growth of the National Research Council.
2 Rockefeller Research Fellow, 1952 -1953 . Present address: Institute of Biochemistry, University of Upsala, Upsala, Sweden. magnetostriction oscillator or by grinding with alumina (McIlwain, 1948) .
The lysozyme used was the Armour crystalline product prepared from egg white. Crystalline desoxyribonuclease and ribonuclease prepared according to Kunitz (1940; 1950) were purchased from Worthington Biochemical Sales Co.; crystalline trypsin was purchased from General Biochemicals, Inc. Ribonucleic acid was determined according to Schneider (1945) .
Analytical ultracentrifugations were conducted in a Spinco instrument equipped with a PhilpotSvensson optical system at an average centrifugal field of 130,000 G. The total amount of bacterial material in the solutions investigated was 10 to 15 mg per ml. Preparative ultracentrifugations were performed in the Spinco Model L centrifuge using the no. 40 rotor (diameter of tubes 16 mm, tubes inclined 260 to rotor axis, average centrifugal field 105,000 G at 40,000 rpm). The average temperature of the solutions during the runs was 13 C. In order to perform reproducible centrifugations, the viscosity of the lysates had to be lowered by treatment with desoxyribonuclease (final concentration 0.0005 per cent).
Specimens for electron microscopy were prepared as described earlier (Weibull, 1953 (Utter et al., 1946; Militzer et al., 1950) .
Analyticat ultracentrifugations. have shown that components with sedimentation constants of 40, 29, and 5 S are released from the cells of a number of bacteria by mechanical disruption. In addition, a "spike" composed of a substance containing desoxyribonucleic acid was observed frequently. B. megaterium was not studied by these workers; hence analytical ultracentrifugations have been performed on lysates obtained from B. megaof a gel, sedimenting faster than the other macromolecular components. Apparently some bonds in this substance, proved above to contain desoxyribonucleic acid, are destroyed in 0.03 M phosphate but not in 0.15 M sodium chloride.
The sedimentation constants are not markedly influenced by the viscosity of the preparations (see table 1 ). This is in accordance with the observations of Schachman and Harrington (1952) on the sedimentation patterns of mixed systems containing free desoxyribonucleic acid.
Investigations based on centrifugations in the preparative ultracentrifuge. The aim of these experiments has been to characterize further the materials found in the protoplasmic lysates, In all preparations (except preparation IV) citrate was added to a final concentration of 0.01 M in order to inhibit bacterial desoxyribonuclease. Preparations I to III were highly viscous, preparations IV to VI showed no appreciable viscosity. The sedimentation constants are given in Svedbergs and refer to pure water at 20 C as solvent.
* Spike.
terium cells by mechanical disintegration and by lysozyme treatment. (Weibull, 1953) Differential centrifugation for 15 minutes between 590 and 14,800 G precipitates a dark yellow layer, comprising about 10 per cent of the bacterial dry weight. Phase contrast microscopy reveals "ghosts" (Weibull, 1953) and some granules, free or attached to the "ghosts". Figure 2 is an electron micrograph of this fraction, washed three times in distilled water, and fixed with osmium tetroxide. Membrane-like bodies are predominant; a variable number of granules, of the same shape as the granules illustrated in figure 1 , can be seen included within the membranes. Electron micrographs of unfixed or formaldehyde fixed specimens reveal only amorphous agglomerations of material; evidently the membranes are destroyed by drying under these conditions. A brief treatment of the yellow fraction in the Raytheon sonic oscillator destroys the "ghost" structure. By subsequent centrifugation at 105,000 G, most of the yellow material can be resedimented, forming a uniformly colored layer overlying a small amount of lipid granules.
Differential centrifugation between 14,800 and 29,100 G gives a faintly yellow sediment, which contains only a negligible proportion of the bacterial dry weight. At still higher gravitational fields the sediments are almost completely colorless, and the supernatants from such centrifugations are also colorless, even in deep layers. Thus, nearly all the pigmented material of the cell is associated with the "ghost" fraction.
Isolated cell walls from B. megaterium give no "ghosts", detectable by phase contrast microscopy, on treatment with lysozyme. Electron microscopical observations also give evidence that the walls are dissolved completely by lysozyme (Salton, unpublished data). Hence, unless the lysozyme acts in a* different fashion on the cell walls in situ, the "ghosts" cannot be lysozyme resistant cell wall material. Therefore, the "ghosts" must be assumed to consist of cytoplasmic material. They may represent the cytoplasmic membrane; however, denaturation processes during the lysis of the protoplasts are not improbable. The fact that isolated cell walls form white precipitates when centrifuged, in contrast to the yellow precipitates of the "ghost" fraction, is additional evidence of their nonidentity. Whether the yellow pigment is a constituent of the membranes themselves or of particles inside them cannot be settled conclusively on the basis of the present experimental evidence. Adsorption phenomena must also be taken into account. The fact that, after sonic treatment of the "ghost" fraction, most of the colored material can be sedimented in the preparative centrifuge as a uniformly colored pellet suggests that the pigment is bound firmly to the membranes. Stanier et al. (1953) have found that the complete cytochrome system of Pseudomonas fluorescens is located in a "particulate" fraction, largely sedimentable from sonic extracts by centrifugation for one hour at 22,000 G. Since most of the pigmented material of B. megaterium is in the yellow fraction described above, which is also "particulate", this material was examined for the presence of cytochromes. The absorption spectra of a concentrated suspension of the (Stanier et al., 1953) before and after reduction with sodium hydrosulfite were measured with the Beckman spectrophotometer. Figure 3 shows the resulting curves, which have been corrected for nonspecific light scattering (Weibull, 1948) . The absorption maxima at 530, 558, and 600 m,u correspond well to the absorption bands of the cytochrome components in whole cells of B. megaterium (recorded without reference as 531, 560, and 603 m,u by Stephenson, 1949 the "ghosts" and in the fraction sedimenting between 14,800 and 29,100 G, perhaps as aggregated 42 S particles. In similar experiments performed with extracts prepared by direct lysis of B. megaterium cells with lysozyme, a considerably higher percentage of ribonucleic acid was precipitated between centrifugal fields of 30,000 and 60,000 G. In this case, nonenzymatic aggregation of part of the ribonucleic acid by the highly basic lysozyme would explain the observations, an explanation further supported by the fact that a slight turbidity appears when lysozyme is added to a suspension of lysed protoplasts.
DISCUSSION
The experiments reported above show that treatment of bacterial cells with lysozyme has certain advantages as a method for the liberation of protoplasmic constituents over the previously used techniques Weibull and Hedvall, 1953) of cellular disintegration by mechanical means. Specifically, two components not observed in extracts prepared by mechanical disintegration have been detected: "ghosts", and a gel containing desoxyribonucleic acid.
The "ghosts" have been isolated reasonably free from other constituents of lysates by differential centrifugation between 590 and 14,800 G for fifteen minutes. Microscopically, they appear to consist of membranes associated with some granular material. The membranous structure is easily destroyed; for example, by drying without proper fixation or by sonic oscillation. Similar structures have been briefly described by Herbert and Pinsent (1948) and Murphy and Bang (1952) ; the bodies found by Georgi et al. (1951) , further characterized by Burns and Militzer (1953) , in lysozyme treated preparations of Bacillus stearothermophilus also could be interpreted as "ghosts" containing other cytoplasmic constituents. Almost all the pigmented material of the B. megaterium cells is associated with the "ghost" fraction, whose absorption spectrum shows that it contains the bacterial cytochrome system. At first sight, the size and form of the "ghosts" suggest that they might consist of residual cell walls. However, no "ghosts" can be detected by phase contrast microscopy in preparations of pure cell walls after treatment with lysozyme. Electron microscopy also indicates 700 [VOL. 66 on August 30, 2017 by guest http://jb.asm.org/ Downloaded from (Salton, unpublished data) that the cell walls of B. megaterium are completely lysed by lysozyme; furthermore, the cell walls of this organism are colorless, whereas the "ghost" fraction is strongly pigmented. In view of these facts, it may be suggested that the "ghosts" represent cytoplasmic membranes, either intact or denatured. This interpretation is strengthened by the observations made by Tomcsik and Guex-Holzer (1952) and by Robinow and Murray (1953) . The almost exclusive association of the bacterial cytochrome system with this fraction of extracts is undoubtedly of great interest, suggesting that this system may be localized in the cytoplasmic membrane; however, definite conclusions regarding the site of the cytochrome system in the living cells cannot be made on the basis of the present experimental evidence.
Earlier attempts Weibull and Hedvall, 1953) 
SUMMARY
The protoplasmic constituents of Bacillus megaterium have been investigated by removal of the cell walls with lysozyme and subsequent lysis of the protoplasts, as well as by mechanical disintegration of the cells. Earlier investigations of the macromolecular organization of the microbial cell have been confirmed. Two large structures constituting part of the protoplasts have been characterized: "ghosts", which may represent the cytoplasmic membrane, and lipid granules. The cytochrome system of B. megaterium sediments with the "ghost" fraction in differential centrifugations. The bacterial lysates do not contain any discrete nuclear equivalents.
